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Factors Predicting Improvements in Lipid Values
Following Cardiac Rehabilitation and
Exercise Training
Carl J. Lavie, MD, Richard V. Milani, MD
Background: Cardiac rehabilitation and exercise train-
ing improve prognosis following major cardiac events, partly
by improving coronary risk factors, including plasma lip-
ids. Only limited data are available to define predictors of
lipid improvements following aggressive non\x=req-\
pharmacologic therapy with cardiac rehabilitation.
Methods: We studied 237 consecutive patients from two
institutions who were enrolled in outpatient phase 2 car-
diac rehabilitation and exercise programs. By univariable
and multivariable analyses, we assessed the impact of nu-
merous clinical variables, including indexes of obesity,
age, gender, lipid concentrations, exercise capacity, and
psychological factors, on improvements in plasma lipid
values with cardiac rehabilitation.
Results: Coronary risk factors improved following car-
diac rehabilitation, including levels of low-density lipo-
protein cholesterol (\p=m-\4%;P<.05), high-density lipopro-
tein cholesterol (7%; P<.0001), and triglycerides (\p=m-\13%;
P<.0001); body mass index (\p=m-\2%;P<.0001); percent-
age of body fat (\p=m-\5%;P<.0001); and exercise capacity
(26%; P<.0001). By both univariable and multivariable
analyses, corresponding dyslipidemic baseline values were
the strongest predictors of improvements in levels of low\x=req-\
density lipoprotein cholesterol (univariable: r=.51, P<.0001;
multivariable: t=8.5, P<.0001), high-density lipoprotein
cholesterol (univariable: r=.37, P<.0001; multivariable:
t=6.6, P<.0001), and triglycerides (univariable: r=.36,
P<.0001; multivariable: t=6.8, P<.0001). By multivari-
able analyses, reductions in body mass index (t=4.6,
P<.0001) and older age (t=4.0, P<.0001) were strong
independent predictors of reduction in triglyceride val-
ues following cardiac rehabilitation. However, low base-
line triglyceride values were independently associated with
improvements in both low-density and high-density li-
poprotein cholesterol levels. Using a model incorporating
13 clinical variables, improvements in lipid values with
cardiac rehabilitation were only modestly predictable with
the variables assessed, accounting for only 30% to 40%
of the improvements in lipid values.
Conclusions: (1) Coronary risk factors markedly improved
following cardiac rehabilitation and exercise training.
(2) Improvements in lipid values are modestly predictable.
(3) Those patients with the worst baseline lipid values had
the most improvements in lipid values following cardiac
rehabilitation. However, patients with combined hyperlip-
idemia and low levels of high-density lipoprotein choles-
terol are likely to require drug treatment.
(Arch Intern Med. 1993;153:982-988)
CARDIAC REHABILITATION andexercise training have nowbeen proven to reduce therisk of coronary heart dis¬ease (CHD) and improve
quality of life following major cardiac
events.15 These well-proven benefits of car¬
diac rehabilitation include improvements
in exercise capacity, weight, glucose tol¬
erance, lipid values, and psychosocial fac¬
tors.1'4 Although individual randomized
studies of cardiac rehabilitation and exer¬
cise training after myocardial infarction were
not large enough to demonstrate signifi-
cant improvements in survival, recent pooled
data from these trials demonstrate signifi¬
cant reductions in major cardiac events, car¬
diac mortality, and all-cause mortality.2,4
Substantial and irrefutable data now
support the role of lipids in the pathogen-
esis of coronary atherosclerosis and the im-
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SUBJECTS AND METHODS
We reviewed data at baseline and after an outpatient phase
2 cardiac rehabilitation and exercise program in 237 con¬
secutive patients (160 from Massachusetts General Hospi¬
tal, Boston, and 77 from Ochsner Medical Institutions, New
Orleans, La; the mean age was 58 years; range, 32 to 82
years; 85% were men). All patients were referred after a ma¬
jor cardiac event, such as acute myocardial infarction, cor¬
onary artery bypass grafting, or percutaneous balloon an-
gioplasty for an acute ischémie syndrome. None of these
patients were treated with lipid-lowering medications, and
dosages of other medications known to affect lipid values(eg, estrogens, ß-adrenergic blockers, diuretics, ot-adrener-
gic blockers, and calcium antagonists) were stable tor at least
4 weeks before study entry and were not altered during the
program.
PROTOCOL
Patients participated in an outpatient phase 2 cardiac re¬
habilitation program that usually lasted 12 weeks (36 ex¬
ercise and educational sessions). The duration of the pro¬
gram, however, was occasionally altered according to the
patient's ability to progress in improving coronary risk fac¬
tors and developing independence in performing and mon¬
itoring the individually prescribed exercise program. Each
session consisted of approximately 10 minutes of warm-up
stretching and calisthenics, 30 to 40 minutes of continuous
upright aerobic and dynamic exercise (various combina¬
tions of walking, bicycling, jogging, rowing, etc), along with
light isometric exercises (eg, hand weights) and approxi¬
mately a 10-minute cool-down period of stretching and cal¬
isthenics. Exercise intensity was prescribed on an individ¬
ual basis so that the patient's exercise heart rate was
approximately 75% to 85% of the maximal heart rate, or 10
to 15 beats per minute below the level of any exercise-
induced myocardial ischemia. In addition to the supervised
exercise sessions, all patients were encouraged to exercise
one to three times per week outside the program. Each pa¬
tient's exercise prescription was periodically adjusted to en¬
courage gradual increases in exercise performance. All pa¬
tients were instructed while hospitalized and again at the
beginning of the phase 2 program and were frequently en¬
couraged by physicians, dieticians, nurses, and exercise phys¬
iologists to comply with both the dietary (phase 1 diet of
the American Heart Association and the National Choles¬
terol Education Program) and the exercise portions of the
program.
DATA COLLECTION
Height, weight, body mass index (BMI), percentage of body
fat, age, gender, fasting plasma lipid values, and estimated
metabolic equivalents (METs) were assessed at baseline (4
to 8 weeks after a major cardiac event; average, 6 weeks)
and again within 1 week of completing the cardiac reha¬
bilitation and exercise program. Baseline psychological fac¬
tors, including symptoms of hostility and depression, were
assessed in the patients at Massachusetts General Hospital
according to a previously described protocol.16
Before entering the program, patients at both institu¬
tions underwent symptom-limited exercise testing, usually
using a standard Bruce treadmill protocol, although about
one third underwent an alternative treadmill protocol or an
upright bicycle ergometric protocol. Following the outpa¬
tient cardiac rehabilitation program, each patient under¬
went a protocol similar to the preprogram assessment. Ex¬
ercise capacity was estimated in METs using standard
methods.17
STATISTICAL METHODS
Continuous variables were compared before and after car¬
diac rehabilitation using Student's paired t test. Factors pre¬
dicting improvements in lipid values (eg, percentage reduc¬
tion in LDL-C, percentage increase in HDL-C, and percent¬
age reduction in triglycéride values) were assessed by univariable
and multivariable analyses with STAT-View II software on a
Macintosh II computer system. Simple linear regression used
a one X one Y and multiple regression of many X one Y sta¬
tistic to compute r (Pearson's Correlation Coefficient), R2, ad¬
justed R2, root mean square residual, analysis of variance ta¬
ble residual statistics, beta coefficient table, and confidence
interval tables. The following variables were assessed: age,
gender, baseline BMI, baseline LDL-C, baseline HDL-C, and
baseline triglycéride values, baseline METs, percentage re¬
duction in BMI, percentage reduction in LDL-C levels, per¬
centage increase in HDL-C levels, percentage reduction in
triglycéride values, and percentage increase in METs. In ad¬
dition, baseline hostility score and depression indexes were
also included in the model for the subgroup of patients at
Massachusetts General Hospital.
portance of lipid intervention, directed at both low-
density lipoprotein cholesterol (LDL-C) and high-density
lipoprotein cholesterol (HDL-C), for both primary and
secondary prevention of major cardiac events, as well as
for preventing progression of coronary atherosclerosis.642
Although the independent role of triglycérides in the risk
of CHD remains controversial, several studies suggest that
triglycérides are independently associated with CHD events
and progression of coronary atherosclerosis,1314 and re-
cent data suggest that elevated triglycéride values are ex¬
tremely important, particularly in patients with an ele¬
vated LDL-C/HDL-C ratio.15 It seems likely, therefore, that
improvements in lipid values following cardiac rehabili¬
tation and exercise training could account for much of
the reduction in subsequent cardiac events. Only limited
data are available to define predictors of lipid value im¬
provements following aggressive nonpharmacological ther¬
apy with cardiac rehabilitation. Therefore, we reviewed
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baseline and postprogram data in 237 consecutive pa¬
tients entering cardiac rehabilitation and exercise training
to determine those factors predicting improvements in lipid
values following cardiac rehabilitation.
RESULTS
Following cardiac rehabilitation and exercise training, sig¬
nificant improvements occurred in coronary risk factors
(Table I), including significant reductions in levels of
total cholesterol (-2%, P<.03), triglycérides (-13%,
P<.0001), and LDL-C (-4%, P<.05); LDL-C/HDL-C ra¬
tio (-10%, P<.0001), BMI (-2%, P<.0001), and per¬
centage of body fat (—5%, P<.0001); and increases in
HDL-C levels (7%, P<.0001) and exercise capacity (26%,
P-C0001). The improvements in coronary risk factors were
similar in both genders and in younger vs older patients.
Although reduction in BMI was greater in obese patients(P<.01), improvements in other risk factors were similar
in obese and nonobese patients. In patients with low base¬
line capacity (<6 METs), improvement in exercise ca¬
pacity was significantly greater compared with those with
higher baseline exercise capacity (39% vs 19%; P<.0001).
However, those patients with higher baseline exercise ca¬
pacity (&6 METs) had a slightly greater reduction in LDL-C
levels (6% vs no change; P<.02) and LDL-C/HDL-C ratio
(—13% vs —6%; P=.05). Improvement in other coronary
risk factors was similar in those patients with low or high
baseline functional capacity.
Reduction in LDL-C levels following cardiac rehabil¬
itation was only strongly associated with high baseline LDL-C
levels (r=.51, P<.0001) by univariable analysis (Table 2).
Male sex, low baseline triglycéride values, and improve¬
ment in exercise capacity were weakly associated with re-
Table 1. Improvements in Coronary Risk Factors
Following Cardiac Rehabilitation (N=237)
Variable*
Cardiac Rehabilitation
I-
Before,
Mean±SD
After,
Mean-SD
%
Change
Total cholesterol,
mmol/L (mg/dL)
Triglycérides,
mmol/L (mg/dL)
HDL-C,
mmol/L (mg/dL)
LDL-C,
mmol/L (mg/dL)
LDL-C/HDL-C
Body mass
index, kg/m2
Body fat, %
Exercise capacity,
METs
5.40±1.06
(209±41)
1.89±1.02(167±90)
0.98±0.28
(37.9±10.9)
3.6±0.96
(139±37)
3.9±1.3
27.3±4.2
5.28±0.96
(204±37)
1.64±0.81
(145±72 )
1.05±0.29
(40.7±11.1)
3.47±0.83
(134±32)
3.5+1.2
26.8±4.1
24.2±6.3 22.9±6.2
7.2±2.9 9.1 ±3.4
-2 <.03
-13 <.0001
7 <.0001
-4 <.05
-10 <.0001
-2 <.0001
-5 <.0001
26 <.0001
"HDL-C indicates high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; and, METs. metabolic equivalents.
duction in LDL-C levels, but none of these variables reached
statistical significance. In a multivariable analysis incorpo¬
rating 11 variables, only high baseline LDL-C levels were
strongly and independently associated with improvement
in LDL-C levels after cardiac rehabilitation (£=8.5, P-C0001).
Male sex, improvement in exercise capacity, and low base¬
line triglycéride values were weakly, but independently,
associated with reduction in LDL-C levels. In a model in¬
corporating all of these variables, 34% of the reduction in
LDL-C levels was predicted (F=8.4, P<.0001).
An increase in HDL-C levels following cardiac reha¬
bilitation was associated with low baseline HDL-C levels
(r=.37, P<.0001), reduction in triglycéride values (r=.27,
P<
.0001), and reduction in BMI (r=. 19, P< .01) by univari-
able analysis (Table 3). By multivariable analysis, low base¬
line HDL-C levels were the strongest independent predic¬
tor of increasing HDL-C levels with rehabilitation (£=6.6,
P<.0001). Reduction in triglycéride values, low baseline
Cardiac rehabilitation and exercise
training reduce coronary artery
disease risk factors, improve quality of
life, and reduce subsequent CHD
morbidity and mortality
triglycéride values, and female sex were all weakly, but in¬
dependently, associated with increases in HDL-C levels.
High baseline exercise capacity, older age, and improve¬
ment in exercise capacity were all associated with increases
in HDL-C levels by multivariable analysis, but these did
not reach statistical significance. Using a model incorpo¬
rating 11 variables, 29% of the increase in HDL-C levels
with cardiac rehabilitation was predicted (F=6.5, P<.0001).
Reduction in triglycéride values following cardiac re¬
habilitation was most strongly associated with high base¬
line triglycéride values (r=.36, P<.0001) by univariable
analyses (Table 4). Reduction in BMI, increases in HDL-C
levels, older age, and low baseline HDL-C levels were all
associated with a reduction in triglycéride values. By mul¬
tivariable analysis, high baseline triglycéride values (t=6.8,
P<.0001), reduction in BMI (í=4.6, P<.0001), and older
age (£=4.0, P<.0001) were all strongly and indepen¬
dently associated with a reduction in triglycéride values.
Increases in HDL-C levels, low baseline BMI, and im¬
provement in exercise capacity were also associated with
a reduction in triglycéride values by multivariable anal¬
ysis, although the latter two variables did not reach sta¬
tistical significance. The model incorporating 11 vari¬
ables accounted for 37% of the triglycéride value reduction
(F=9.7, P<.0001).
In the patients at Massachusetts General Hospital,
baseline psychological variables, including hostility scores
and depression indexes, were not associated with reduc¬
tion in levels of LDL-C or triglycérides or increases in lev-
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Table 2, Factors That Predict Percentage Reductions
in Low-Density Lipoprotein Cholesterol (LDL-C)
Levels Following Cardiac Rehabilitation and
Exercise Training (N=237)
Variable_r_t_P_
Univariable Predictors
High baseline LDL-C .51 8.4 <.0001
Male sex .13 1.9 .06
Low baseline TG .12 1.7 .09
Low A METs .12 1.7 .09
Multivariable Predictors"'
High baseline LDL-C ... 8.5 <,0001
Male sex
...
2.5 .01
Low A METs
...
2.3
.02
Low baseline TG
...
2.0 .04
"Model incorporating 11 variables: F=8.4; t=.58; R2=.34; P<.0001. TG
indicates triglycérides; A, percentage of change following cardiac
rehabilitation; and METs, metabolic equivalents.
els of HDL-C by either univariable or multivariable anal¬
ysis, and incorporation of these two variables did not improve
the overall model for any of these lipid variables.
COMMENT
The current data support the role of cardiac rehabilita¬
tion and exercise training in improving cardiac risk fac¬
tors, including plasma lipids, indexes of obesity, and ex¬
ercise capacity. The improvements in plasma lipid levels,
however, were only modestly predictable and were mostly
related to baseline values. For the three lipid factors stud¬
ied, which were reductions in levels of LDL-C and tri¬
glycérides and increases in HDL-C, the strongest inde¬
pendent predictors of lipid improvements were abnormal
baseline values. Patients with the worst baseline lipid val¬
ues seemed to have the most improvements following car¬
diac rehabilitation and exercise training.
AGE
Although there seems to be a strong age bias in the ap¬
proach to treating elderly patients with heart disease,18
recent data from our institution suggest that improve¬
ments in exercise capacity, obesity indexes, and lipids are
similar in older and younger patients enrolled in cardiac
rehabilitation and exercise training.19 In fact, the current
data indicate that older age is independently associated
with greater increases in HDL-C levels (P=.06) and re¬
ductions in triglycéride values (P<.0001) following car¬
diac rehabilitation and exercise training. We believe that
these data further support the idea that elderly patients
should not be denied the psychosocial, physical, and risk
factor benefits of formal cardiac rehabilitation and super¬
vised exercise training and that the elderly should be rou-
tinely referred and vigorously encouraged to participate
in these programs.419
GENDER
Data have increasingly focused on an apparent gender bias
to treating women with heart disease.20,21 However, we
recently demonstrated that coronary risk factors im¬
proved markedly following cardiac rehabilitation and ex¬
ercise training in female coronary patients.22 In the cur¬
rent study by using multivariable analysis, we demonstrated
that male sex was independently associated with a re¬
duction in LDL-C levels following cardiac rehabilitation,
whereas female gender was independently associated with
an increase in HDL-C levels. Based on these data, it seems
warranted to focus greater attention on dietary reduction
in LDL-C levels in female coronary patients, with greater
emphasis on increasing HDL-C levels in male patients.
OBESITY
We have been interested in the impact of obesity on car¬
diovascular diseases, including whether levels of arterial
pressure are increased,23'25 eccentric left ventricular hy¬
pertrophy is increased,23'2426 and insulin resistance and
plasma lipid levels are worsened,27 and, in particular, whether
HDL-C levels are reduced and triglycéride values are raised,
the prevalence and complexity of ventricular dysrhyth-
mias are increased,23'24'26-28 and the risk of CHD is inde¬
pendently increased.2930 Previous data have indicated the
importance of weight reduction in improving lipid val¬
ues, particularly HDL-C and triglycérides.31'32 In our study,
cardiac rehabilitation and exercise training were associ¬
ated with only modest, although strongly statistically sig¬
nificant, reductions in BMI and percentage of body fat.
Table 3. Factors That Predict Percentage Increases in
High-Density Lipoprotein Cholesterol (HDL-C) Levels
Following Cardiac Rehabilitation (N=237)
Variable r t P
Univariable Predictors
Low baseline HDL-C .37 5.8 <.0001
HighATG .27 4.1 <.0001
High A BMI .19 2.8 <.01
Multivariable Predictors*
Low baseline HDL-C ... 6.6 <.0001
High A TG ... 2.5 .01
Low baseline TG ... 2.3 .02
Female sex
...
2.1 .03
High baseline METs ... 1.9 .06
Older age ... 1.9 .06
High A METs
...
1.8 .07
"Model incorporating 11 variables: F=6.5; r=.54; R2=.29; P<.0001. A
indicates percentage of change with cardiac rehabilitation; TG, triglycérides;
BMI, body mass index; and METs, metabolic equivalents.
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Reductions in indexes of obesity, however, were not as¬
sociated with improvement in LDL-C levels by either univari¬
able or multivariable analysis. Though not an indepen¬
dent factor, reduction in BMI was associated with increases
in HDL-C levels; however, it was strongly and indepen¬
dently related to reduction in triglycéride values. Al¬
though these improvements in lipid values are significant
clinically, the benefits of weight reduction not related to
lipid values may be even more important for reducing
CHD risks.23-30
EXERCISE CAPACITY
Substantial data now indicate that regular exercise is as¬
sociated with the primary and secondary prevention of
CHD.4-3132 Increased exercise capacity has also been as¬
sociated with low risk of CHD,4,3334 although limited data
are available regarding the impact of a change in exercise
capacity on reducing CHD. However, the 26% increase
in exercise capacity noted in the current study seems prom¬
ising and should improve quality of life as well as overall
prognosis.
Although exercise is known to raise HDL-C and re¬
duce triglycéride values,4,35,36 in our study, an increase in
exercise capacity following cardiac rehabilitation and ex¬
ercise training was only a weak independent factor asso¬
ciated with improving these lipid fractions that did not
quite obtain statistical significance. However, because all
patients participated in exercise training and nearly all
had at least modest (>10%) improvement in exercise ca¬
pacity, the relative impact of an increase in exercise ca¬
pacity on CHD risk factors noted is probably lessened.
Although patients with a low baseline exercise capacity
Improvements in most CHD
risk factors following cardiac
rehabilitation were not affected by
baseline age, gender, obesity indexes,
or exercise capacity
usually gain the most from cardiac rehabilitation and ex¬
ercise training, at least with regard to improvement of func¬
tional capacity and quality of life, a high baseline exercise
capacity was actually a weak, independent factor associ¬
ated with an increase in HDL-C levels with cardiac
rehabilitation.
PSYCHOLOGICAL FACTORS
In the current study, baseline psychological factors were
not associated with improvements in plasma lipid values
following cardiac rehabilitation and exercise training. A
limitation of our study is that it did not assess the impact
of cardiac rehabilitation on psychological factors (eg, re-
Table 4. Factors That Predict Percentage Reductions
in Triglycéride (TG) Levels Following Cardiac
Rehabilitation (N=237)
Variable r t P
Univariable Predictors
High baseline TG .36 5.7 <.0001
High A BMI .28 4.2 <.0001
High A HDL-C .27 4.1 <.0001
Older age .2 3.0 <.01
Low baseline HDL-C .13 1.9 .05
Multivariable Predictors*
High baseline TG
...
6.8 <.0001
High A BMI
...
4.6 <.0001
Older age
...
4.0 <c.0001
High A HDL-C
...
2.5 .01
Low baseline BMI
...
1.8 .07
High A METs
...
1.7 .09
"Model incorporating 11 variables: F=9.7; r=,61; R2=.37; ?<.0001. BMI
Indicates body mass Index; A, percentage of change following cardiac
rehabilitation; HDL-C, high-density lipoprotein cholesterol; and METs,
metabolic equivalents.
during hostility and depressive symptoms) and CHD risk
factors. Preliminary data from our institution suggest that
psychological factors strongly predict improvements in ex¬
ercise capacity following cardiac rehabilitation, as well as
improvements in quality of life in these patients.3"5,37'38
TRIGLYCERIDES
A common belief is that improvements in lipid values with
vigorous nonpharmacological therapy are greater in pa¬
tients with elevated levels of triglycérides; however, data
supporting this belief are lacking. In our study, reduc¬
tions in triglycéride values were strongly and indepen¬
dently associated with high baseline triglycéride levels and
were independently associated with increases in HDL-C
levels. However, reductions in LDL-C and increases in
HDL-C levels actually were both independently associ¬
ated with low baseline levels of triglycérides. Although
vigorous nonpharmacological therapy is certainly indi¬
cated in patients with hypertriglyceridemia, the current
data support both our clinical impression and the Hel¬
sinki Heart Study, suggesting that patients with com¬
bined hyperlipidemia and low HDL-C levels will often
require drug treatment to improve lipid values.15'39
LIMITATIONS
Several limitations of the current study should be em¬
phasized. First, some selection bias may be present since
the patients studied were referred for and decided to par¬
ticipate in cardiac rehabilitation and exercise training. Sec¬
ond, no control group was included, which would be more
essential if the main purpose of this study was to dem¬
onstrate the marked benefits of cardiac rehabilitation and
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exercise training; however, this study assessed factors pre¬
dicting improvements in lipid values in patients partici¬
pating in cardiac rehabilitation and exercise training. Third,
it is known that lipid values often change soon after an
acute cardiac event, and only limited data are available
regarding the exact time required for these values to re¬
turn to baseline. However, we studied our patients 6 weeks
Patients with combined hyperlipidemia
and low HDL-C levels will often
require drug treatment to improve
lipid values
after their cardiac event, and substantial data suggest that
by this time, lipid values were likely to have returned to
their pre-event levels.40"43 It should be noted, however,
that nearly all of our patients received phase 1 cardiac
rehabilitation during their hospitalization and had al¬
ready received dietary recommendations. In fact, in a sub¬
group of 50 cardiac rehabilitation patients who had a com¬
plete fasting lipid profile performed within 6 months of
their cardiac event, their prephase 2 cardiac rehabilita¬
tion values for LDL-C and triglycérides were reduced by
3% and 8%, respectively, without any significant change
in HDL-C levels. Finally, we do not have data regarding
dietary or exercise recall, so we cannot determine the rel¬
ative impact of these two aspects of the cardiac rehabil¬
itation program on lipid improvements.
Despite these limitations, we believe that our results strongly
support the beneficial effects of cardiac rehabilitation and
exercise training on plasma lipid values, indexes of obe¬
sity, and exercise capacity. Improvements in lipid values
are modestly predictable; in general, those patients with
the worst baseline lipid values had the most improve¬
ment in lipid values following cardiac rehabilitation. Al¬
though patients with the highest baseline triglycéride val¬
ues had the greatest reductions in triglycéride values
following cardiac rehabilitation, low baseline triglycéride
levels were independently associated with improvements
in LDL-C and HDL-C levels. These data may be useful for
predicting which patients may benefit the most from vig¬
orous, nonpharmacological therapy as opposed to which
patients may be more likely to require drug treatment,
particularly in those with combined hyperlipidemia and
low HDL-C levels.
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